SUMMARY During reciprocating tachyeardia in patients with accessory atrioventricular pathways, the observation of changes in ventriculoatrial (VA) intervals with bundle branch block (BBB) aberration has been used to localize the site of the pathway and prove the participation of the pathway in the tachycardia. In this report we present the changes observed during BBB in 93 patients with single atrioventricular pathways in whom the site of their pathways was subsequently proved at the time of their surgical interruption. In patients with left or right free wall pathways, the minimum VA interval (VA min) increased by 61 + 19 msec with ipsilateral BBB, whereas no change occurred with contralateral BBB. The smallest increase in the VA interval was 35 msec. In 14 patients, shortening of the AH intervals resulted in changes in overall cycle length that were less than 35 msec. Patients with septal pathways all had changes in VA min of 25 msec or less with either right or left bundle branch block (RBBB or LBBB), which suggests that a clear differentiation between septal and free wall pathways can be made on the basis of changes in VA min. In patients with anteroseptal pathways, VA min intervals frequently prolonged with RBBB (16 ± 9 msec) but not with LBBB. In patients with posteroseptal pathways, VA min frequently prolonged with LBBB (13 ± 8 msec) but not with RBBB. Therefore, the observed changes in VA min with BBB may serve as an important indicator of the site of an accessory pathway and may provide guidance in the choice of surgical therapy.
IN PATIENTS with accessory atrioventricular pathways, the observation of bundle branch block (BBB) aberration during reciprocating tachycardia (RT) may help locate the site of the accessory pathway in RT. IX In a previous report from this laboratory, Pritchett et al.6 described preliminary observations in 22 patients with BBB and RT who subsequently underwent epicardial mapping and surgical interruption of their accessory pathways. In 11 of 18 patients with free wall pathways, BBB on the side ipsilateral to the pathway prolonged the ventriculoatrial (VA) conduction interval by more than 25 msec, whereas in four patients with septal pathways, BBB caused no change.
Discriminating between posterior septal and paraseptal free wall pathways during endocardial mapping is frequently difficult. This differentiation is important because the surgical approach and the potential risk of interrupting the normal atrioventricular connections are different in these two locations. In these cases, we rely heavily on observations made during functional BBB during RT.
In this report, we describe patients in whom BBB was induced during electrophysiologic study and who subsequently underwent surgical interruption of their pathways guided by intraoperative mapping. A correlation of the preoperative findings with the surgically proved site of the pathway permitted a more precise Ninety-three patients were included in the study. There were 62 males and 31 females, ages 8-71 years (mean 32 + 15 years). These patients were chosen from 197 patients who underwent surgical interruption of accessory atrioventricular pathways at Duke University Medical Center from 1968-1981. All 93 patients had single atrioventricular pathways and, at a preoperative electrophysiologic study, all demonstrated right or left BBB aberrancy during RT. Patients with multiple accessory pathways, the permanent form of junctional RT, permanent BBB with pathways that only conducted in the retrograde direction and those in whom BBB was not induced were excluded.
Procedure
All patients gave informed, written consent. Studies were performed in the postabsorptive, nonsedated state and all antiarrhythmic drugs had been stopped for 48 hours. The details of the electrophysiologic study have been described.7 Each patient underwent detailed endocardial mapping of the atrioventricular ring during RT, and the minimum VA interval (VA min) was measured. Attempts were then made to induce RT with BBB aberrancy. This was best achieved by repetitively initiating and terminating the tachycardia by bursts of atrial or ventricular pacing. Early in the series, concerted efforts to induce BBB were not made, but in the latter half of the series, as the importance of BBB was appreciated, RT In the seven patients with pathways in the right free wall position, RBBB alone was observed in four patients, LBBB alone in two, and both in one patient. With LBBB, there was no change in cycle length or any of the component intervals (p > 0.5). With RBBB, the cycle length increased by a mean of 42 + 21 msec, from 305 ± 36 to 347 ± 51 (p < 0.05). VA min increased by 54 ± 16 msec, from 140 ± 25 to 192 ± 18 msec (p < 0.005). The AH interval could be measured in only four patients, and the apparent decrease from 106 ± 49 to 94 + 48 msec was not significant (p > 0. 1). The HV interval did not change ( fig. 1) .
The data were analyzed to highlight the individual changes in cycle length and VA min during BBB. In neither left-nor right-sided free wall pathways did contralateral BBB change cycle length or VA min by more than 10 msec. In most cases, the intervals were identical.
In patients with left-sided pathways, LBBB consistently increased VA min over a range of 35-120 msec ( fig. 2 ). An example of prolongation of VA min with LBBB is shown in figure 3 . By contrast, LBBB caused changes in cycle length that ranged from -50 to 80 msec. The cycle length was prolonged in 30 patients, was shortened in two, and did not change in two. Thirteen patients had increases in cycle length of less than 30 msec. In all of these cases, the AH interval decreased to offset the increase in VA min. Figure 4 shows RT with LBBB and normal QRS in which an 85-msec prolongation in VA min and a 65-msec decrease in AH resulted in an increase in cycle length of less than 35 msec. In no patient did the HV interval change by more than 10 msec.
In patients with right-sided pathways, RBBB consistently prolonged VA min by 35-75 msec ( fig. 2 ). The cycle length also increased in all cases by 25-50 msec. In two patients, the increases in cycle length were less than 30 msec and, as with left-sided pathways and LBBB, the prolongation of VA min was BB FIGURE 1. Cumulative changes in conduction intervals during reciprocating tachycardia and ipsilateral bundle branch block in 39 fig. 2 ). In two patients in whom the cycle length increased by 30 and 40 msec, the VA min increased by only 20 and 25 msec, and AH interval increased by 10 and 15 msec, respectively. Figure 2 is a summary of the changes in VA min in these patients. To avoid confusion, data from the patients with free wall pathways with only contralateral BBB were excluded. All patients with free wall accessory pathways and ipsilateral BBB had increases in the VA min interval of 35 msec or greater. By contrast, patients with septal accessory pathways Although no patient with a free wall pathway and ipsilateral BBB had a prolongation of VA min less than 35 msec, mention should be made of three patients who were excluded from this study. In two patients, the preoperative study revealed prolongations of VA min with LBBB of 25 and 30 msec. Intraoperative mapping localized the site of earliest atrial activation just to the left of the septum, and free wall dissections were performed. The patients again developed preexcitation, which suggests that the pathways may have been in the septum rather than the free wall. In the third patient, the preoperative study demonstrated a prolongation of VA wall pathway and a free wall dissection successfully stopped preexcitation. Later that day, the patient again developed RT and was returned to the operating room. Intraoperative mapping revealed a second accessory pathway in the posteroseptal region. Thus, the finding of an apparent free wall pathway with a prolongation of VA min in an intermediate range may herald a problem at surgery, either inability to locate the pathway or the presence of multiple pathways.
Discussion
Precise localization of an accessory atrioventricular pathway by endocardial electrophysiologic mapping is very important when considering the surgical interruption of that pathway. Differentiating free wall from septal pathways is critical because the surgical approach and the risk of interrupting the normal atrioventricular conducting system is different in these two locations. Current intraoperative mapping techniques can usually accurately locate the site of earliest atrial activation during RT. If the site is in the lateral left or right atrioventricular groove, there is usually little confusion. However, the localization of the earliest atrial activation to an area near the orifice of the coronary sinus, near the foramen ovale, or near the atrium in the region of the His bundle occasionally may lead to difficulty in separating a free wall from a septal pathway. In these cases we rely heavily on changes observed with BBB aberration during RT.
Examination of the VA intervals during RT appears to be the most definitive observation in separating free wall from septal accessory pathways. Changes in VA intervals of 35 msec or greater were seen exclusively with free wall pathways and BBB on the side of ipsilateral to the pathway. No patient with a septal pathway had a change in VA interval of more than 25 msec. The use of changes in the overall cycle length to differentiate free wall from septal pathways would have led to considerable overlap between these two groups. Frequently, prolongation of VA interval by more than 35 msec was associated with shortening of the AH interval such that the change in cycle length was less than 35 msec. All cases in which the overall cycle length increased by more than 35 msec had free wall pathways. However, Pritchett et al.6 studied a patient in whom the cycle length increased by 30 msec because of HV prolongation. This patient was considered to have an anteroseptal pathway on the basis of an electrophysiologic study, but surgery was not performed and this location could not be confirmed. A change in HV interval might cause an overall change in cycle length of 35 msec or more and lead to misinterpretation of the position of the pathway. Therefore, whereas an increase in overall cycle length of 35 msec or more during BBB probably indicates a free wall pathway on the side ipsilateral to the BBB, changes of 25 msec or less cannot be interpreted without reference to the VA interval.
Prolongation of the VA interval in the range between those of patients with free wall and septal pathways (25-35 msec) should raise suspicions regarding the location or the number of pathways. In our experience, changes of this magnitude have been associated with difficulties in intraoperative mapping and surgical interruption of the pathways. These difficulties usually arise in differentiating pathways in the posterior left paraseptal free wall and posteroseptal regions. Confusion in localization by mapping this area may be due to the large amount of fat that frequently obscures the atrioventricular groove near the crux. In other cases, this may be due to the presence of multiple pathways, only apparent after interruption of the first pathway, or to the presence of a wide band of tissue bridging the free wall and posterior septum. We recommend that intraoperative mapping of patients with intermediate values of VA prolongation should include mapping of the endocardial atrioventricular ring to locate the pathway more precisely. Special attention should be paid to the possibility of complex electrophysiologic abnormalities.
Another finding of this study was the demarcation of anterior from posterior positions in the septum by examination of changes in VA interval with BBB. Patients with anteroseptal pathways nearly all had a prolongation of VA intervals (less than 25 msec) with RBBB, whereas no changes were seen with LBBB. By contrast, most patients with posteroseptal pathways prolonged their VA intervals with LBBB (less than 25 msec), but had no change with RBBB. This seems to indicate that the anterior septum is linked electrically primarily to the right bundle branch whereas the posterior septum is linked primarily to the left bundle branch. Examination of a cross-sectional diagram of the atrioventriciular ring shows that the tricuspid annulus provides a larger portion of the anteroseptal wall, whereas the mitral annulus provides a larger portion of the posteroseptal wall, possibly contributing to the observed electrical events. These results of changes in VA intervals with septal pathways may further aid in locating the accessory pathways. The finding of a VA interval prolonged by 25 msec or less with LBBB suggests a posterior septal location and prolongation by 25 msec or less with RBBB an anterior septal location.
Changes in VA intervals during BBB are of major importance in confirming the participation of the accessory pathway in RT. Failure of the VA interval to increase in a patient with a lateral pathway and ipsilateral BBB suggests that the pathway does not participate and other causes for the tachycardia should be considered. Appropriate prolongation is strong evidence for participation. With septal pathways, prolonged VA intervals with appropriate BBB aberration suggests that the pathway is a necessary element of the circuit, whereas the failure to observe a change cannot be interpreted. The proof of the participation of the accessory pathways in RT in the patients in this study lies in the abolition of RT after interruption of the pathways.
In conclusion, changes in VA intervals during BBB aberration aid in the locating accessory atrioventricular pathways and help prove the participation of the path- way in RT. This is particularly important if one is considering surgical interruption of the pathway.
